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Display apparatus 





(57) An impact-resistant display apparatus is con- 
stituted by a display panel, a drive circuit for driving the 
display panel, a face plate disposed in front of the dis- 
play panel, and a support memberfor supporting the dis- 
play panel and the drive circuit. The display apparatus 
further includes a first elastic member between a rear 



side of the display panel and the support member, and 
a second elastic member between a front side of the 
display panel and the face plate. The first and second 
elastic members may preferably respectively define an 
almost closed space together with adjacent associate 
members so as to provide an air damper-effect 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to a display apparatus 
used in a television receiver, a video projector, a com- 
puter terminal, a video camera recorder, a car naviga- 
tion system, etc., particularly a display apparatus having 
an impact relaxation structure capable of preventing an 
adverse effect to a display device caused by an exter- 
nally applied impact 

Display devices may include: a plasma device, an 
electrochromic device, a DMD, a liquid crystal device, 
etc., which are all liable to receive an adverse effect 
when a strong impact is applied thereto from the outside. 
In many cases, a good display state can be restored, 
but anyway a structure capable of alleviating a strong 
external impact is desired. An example of such impact- 
resistant structure is disclosed in Japanese Laid-Open 
Patent Application (JP-A) 2-178625 but the structure is 
not believed so practical. Particularly, no pressure-re- 
sistant structure applicable to a display device to which 
a driver IC is attached. 

U.S. Patent No. 5,150,231 has proposed an impact- 
resistant structure applicable to a connection between 
a driver IC and a display device or a driver IC and a 
control circuit. 

He re in be low, an example of such a known impact- 
resistant structure applied to a liquid crystal display ap- 
paratus, for example, will be described. 

A liquid crystal panel as a liquid crystal device fixed 
to a liquid crystal display apparatus, when subjected to 
a load, is liable to cause a deterioration in alignment 
characteristic due to warp or distortion or due to impact 
or vibration applied thereto, thereby resulting in inferior 
image quality. Particularly, a smectic liquid crystal is li- 
able to cause the problem, and accordingly the following 
fixing structure has been proposed (U.S. Patent No. 
5,150,231). 

Figures 28A and 28B show a stationary state and a 
state supplied with an impact, respectively, of a display 
apparatus 100. Referring to Figure 28A, an adhesive 3 
is applied to a periphery surrounding an opening of a 
panel-fixing plate 2, on which a liquid crystal panel 1 is 
adhesively fixed, and then a circuit board (hereinafter 
called "a driver board") 5 for supplying signals and elec- 
tricity to a liquid crystal drive IC 4 formed by a TAB- 
scheme is fixed to the panel fixing plate 2. Then, the 
panel-fixing plate 2 is hung in space via an elastic mem- 
ber 6 at an opening of a fixing plate -supporting member 
8 so as to define almost closed spaces thereabove and 
therebelow. 

The reason for forming almost closed spaces below 
and above the liquid crystal panel is as follows. When 
the liquid crystal apparatus 100 is dropped in a ^-di- 
rection as shown in Figure 28B, the panel-fixing plate 2 
is moved in the +Y direction since it is supported by the 
elastic member 6. At this time, as a closed space is 



formed below the liquid crystal panel 1. air within the 
space cannot free but is compressed. A resisting force 
to the compression provides an air damper effect to al- 
leviate the impact applied to the liquid crystal panel 1, 

s whereby the deformation of the liquid crystal panel 1 is 
suppressed to prevent the deterioration of alignment 
characteristic and image quality. 

However, in these days, a display apparatus is gen- 
erally required to have a larger panel size while reducing 

io its thickness and weight and it is difficult to retain or even 
improve the impact resistance while satisfying such re- 
quirements. Particularly, the above-mentioned impact- 
resistant liquid crystal display apparatus is encountered 
with the following problems. 

is 

(1) When an impact is applied to the liquid crystal 
apparatus in a +Y direction as shown in Figure 28B, 
the liquid crystal panel 1 is also moved in the +Y 
direction and, as the panel-fixing plate 2 and the 

so elastic member 6 are generally disposed in the 
same plane, the combined structure including these 
members is deformed in an arcuate form as shown 
in Figure 28B. At this time, the deformation stress 
of the panel-fixing plate 2 can be transmitted 

25 through the adhesive 3 to the liquid crystal panel 1 , 
whereby the liquid crystal panel 1 can be deformed 
to deteriorate the alignment characteristic and the 
image quality. 

(2) In order to allow the liquid crystal panel 1 and 
30 the panel-fixing plate fixing the liquid crystal panel 

1 to move for a distance sufficient to absorb the im- 
pact, the distance between the panel-fixing plate 2 
and the supporting member 1 0, i.e., the size of elas- 
tic member 6, is taken large, so that the entire pe- 
55 ripheral size of the liquid crystal display apparatus 
100 becomes larger. 

(3) For the same reason as (2) above, the distance 
between a face plate 9 and the liquid crystal panel 
1 , and the distance between the liquid crystal panel 

w 1 and an illumination member 25 are taken consid- 
erably large, so that the entire liquid crystal appa- 
ratus is liable to be thick. 

(4) Further, in order to suppress a surface reflection 
at the surface of the face plate 9, it is necessary to 

f s apply a non-glare treatment providing an intense 
haze value to the surface of the face plate 9. In such 
a case, the characters, etc., displayed on the liquid 
crystal panel 1 are blurred to be difficult to see if the 
face plate 9 is distant from the liquid crystal panel 1 . 

>o (5) Further, in case where a touch panel (not shown) 
is disposed on the face plate 9, if the face plate 9 is 
distant from the liquid crystal panel 1, the distance 
between the liquid crystal panel 1 and the pen- 
touched member result in a parallax, which is liable 

s to cause an input failure of an operator touching a 
pen to a part on the picture not desired by the op- 
erator. 

(6) An almost closed space is required to be dis- 
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posed above and below the combination including 
the liquid crystal panel 1 , the panel-fixing plate 2, 
the liquid crystal drive IC 4, the signal-supply driver 
board 5 for supplying signals to the drive IC 4 and 
the elastic member 6. In this case, however, a mem- 
ber defining the almost closed space such as a face 
plate-supporting member 10 fixedly supporting the 
face plate 9 has to be provided with a hole for pass- 
ing, e.g., a cable 15 for supplying signals from a 
control plate 14 to the driver board 5, etc., so that 
the cost for increasing the air-tightness is in- 
creased. 

SUMMARY OF THE INVENTION 

In view of the above-mentioned problems, an object 
of the present invention is to provide a display apparatus 
capable of withstanding a strong impact without hinder- 
ing an increase in display area and reductions in thick- 
ness and weight of the apparatus. 

Another object of the present invention is to provide 
a display apparatus capable of obviating a deterioration 
in display performance by input operation even in case 
where input means such as pen input means or a touch 
panel is included. 

According to the present invention, there is provid- 
ed a display apparatus, comprising: a display panel, a 
drive circuit for driving the display panel, a face plate 
disposed in front of the display panel, and a support 
member for supporting the display panel and the drive 
circuit; 

said display apparatus further including a first elas- 
tic member between a rear side of the display panel 
and the support member, and a second elastic 
member between a front side of the display panel 
and the face plate. 

These and other objects, features and advantages 
of the present invention will become more apparent up- 
on a consideration of the following description of the pre- 
ferred embodiments of the present invention taken in 
conjunction with the accompanying drawings wherein 
like parts are denoted by like reference numerals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 , 2, 4, 8 - 9, 1 6 - 1 9, 22 and 24-27 are re- 
spectively a sectional view of a display apparatus ac- 
cording to an embodiment of the present invention. 

Figure 3 illustrates a manner of deformation of the 
display apparatus shown in Figure 2. 

Figure 5 illustrates a manner of deformation of the 
display apparatus shown in Figure 4. 

Figure 6 is a schematic perspective view of a dis- 
play apparatus of first embodiment. 

Figure 7 is a sectional view of the display apparatus 
shown in Figure 1 . 



Figures 10 and 11 illustrate manners of deformation 
of members in a display apparatus when external forces 
are applied in +Y direction and -Y direction, respectively. 

Figure 1 2 illustrates a manner of supporting a driver 
5 board in the display apparatus shown in Figure 9. 

Figure 13 is a plan view of the display apparatus 
shown in Figure 12. 

Figure 14 is a cross-sectional view taken along A- 
A line of the display apparatus shown in Figure 13. 
10 Figure 1 5 is a sectional view of a display apparatus 
wherein a backlight unit is disposed in place of the hous- 
ing. 

Figure 20 is a sectional view illustrating another dis- 
position of a support member. 
is Figure 21 is a sectional view showing an embodi- 
ment wherein a light diffusion sheet is disposed. 

Figure 23 illustrates a function of the display appa- 
ratus shown in Figure 22. 

Figures 28A and 28B are schematic views of a 
20 known display apparatus in a stationary sate and in a 
state supplied with an impact. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 

Figure 1 is a sectional view of a display apparatus 
according to an embodiment of the present invention. 
Referring to Figure 1 , the display apparatus includes a 
display panel 1 as a display device, a flexible circuit 4 
30 comprising a drive IC chip and a rigid circuit plate 5 for 
supplying signals constituting a drive circuit for driving 
the display panel 1 , a housing member 7 as a support 
member, a (first) elastic member 8, a face plate 9, a face 
plate-supporting member, a (second) elastic member 
35 11, a (first) almost closed space 12 and a (second) al- 
most closed space 1 3. 

More specifically, the display apparatus according 
to this embodiment includes: a display panel 1 , a hous- 
ing member 7 disposed behind and with a spacing from 
40 the display panel, and a face plate 9 having a transpar- 
ent region disposed in front of the display panel; and the 
display apparatus further includes: 

a first elastic member 8 disposed at a position sur- 
45 rounding a display region of the display panel be- 
tween the display panel 1 and the housing member 
7 so as to define a first almost closed space 12 by 
the first elastic member 8, the display panel 1 and 
the housing member 7, and 
50 a second elastic member 11 disposed at a position 
surrounding a display area of the display panel be- 
tween the display panel 1 and the face plate 9 so 
as to define a second almost closed space 13 by 
the second elastic member 11, the display panel 1 
ss and the face plate 9. 

According to another embodiment, the display ap- 
paratus includes: a display panel, a housing member 
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disposed behind and with a spacing from the display 
panel, a panel-fixing member fixedly supporting the dis- 
play panel to the housing member, and a face plate hav- 
ing a transparent region disposed in front of the display 
panel; and the display apparatus further includes: 

a first elastic member disposed at a position sur- 
rounding a display region of the display panel be- 
tween the display panel and the panel-fixing mem- 
ber, 

a second elastic member disposed at a position sur- 
rounding a display area of the display panel be- 
tween the display panel and the face plate, and 
a third elastic member disposed between the panel- 
fixing member and the housing member so that 
a first almost closed space is defined by the first 
elastic member, the third elastic member, the dis- 
play panel and the housing member, and 
a second almost closed space is defined by the sec- 
ond elastic member, the display panel and the face 
plate. 

According to another embodiment of the present in- 
vention, a fourth elastic member is disposed between 
the peripheral part of the panel-fixing member and the 
housing member. 

In the above, it is preferred that the first elastic mem- 
ber 8 has a larger size in a direction perpendicular than 
in a direction parallel, respectively, with respect to the 
extension of the display panel 1 . The first elastic mem- 
ber may preferably have a rubber hardness of at most 
50 deg. The face plate 9 may have a transparent region 
composed of a chemically reinforced glass or comprise 
a transparent substrate having two surfaces on which 
an optical film subjected to a diffusion treatment has 
been applied with an adhesive. The housing member 
may be constituted by a backlight for illuminating the dis- 
play panel. The second elastic member may have a 
hardness which is smaller than or equal to that of the 
first elastic member. The third elastic member may have 
a hardness which is smaller than or equal to that of the 
first elastic member. The second elastic member may 
be disposed under compression in a direction perpen- 
dicular to the display panel surface. The third elastic 
member may be disposed under compression in a di- 
rection perpendicular to the display panel surface. A cir- 
cuit substrate for driving the display panel may be dis- 
posed on the panel-fixing member and a regulating 
member for regulating a movement in a direction per- 
pendicular to the panel-fixing member. 

The present invention may exhibit a remarkable ef- 
fect when applied to a liquid crystal display apparatus, 
particularly one using a chiral smectic liquid crystal as 
an optical modulation material. 

As the display apparatus according to the present 
invention is constituted in the above-described manner, 
even if a strong impact is applied thereto, it is possible 
to obviate difficulties, such as deterioration of liquid crys- 



tal alignment characteristic, image quality deterioration, 
breakage of an electrical connection member and sep- 
aration of a joining part, thereby providing a display ap- 
paratus .having a high reliability. 
5 Figure 2 shows a liquid crystal display apparatus 

according to another embodiment of the present inven- 
tion, which includes a basic structure shown in Figure 1 . 

Referring to Figure 2, the liquid crystal display ap- 
paratus includes an inner unit 2 and an outer casing 3 
10 supporting the inner unit 2. Of these, the outer casing 3 
has an inner space and projecting members 3a project- 
ing into the space. Further, the outer casing 3 has an 
upper surface member provided with an opening 3b. 
On the other hand, the inner unit 2 includes a face 
is plate-supporting member 10, which has an upper sur- 
face disposed along the outer casing 3 and has an open- 
ing 1 0a at a position corresponding to the opening 3b of 
the outer casing 3. The opening edge portion 1 0b of the 
face plate-supporting member 1 0 is bent so as to define 
a recess 6 together with the opening edge portion 3c of 
the outer casing 3, and a transparent face plate (first 
plate member) 9 is fitted into the recess 6 so as to be 
along the inner surface of the casing 3. Further, the low- 
er edge portion 10c of the face plate-supporting member 
10 is bent outwards to form a flange, abng which a pan- 
el-fixing plate (second plate member) 7 is disposed. The 
panel-fixing plate 7 and the face plate-supporting mem- 
ber 1 0 are screwed to the projecting members 3a of the 
outer casing 3. The face plate 9 and the panel-fixing 
plate 7 are disposed with a prescribed spacing therebe- 
tween, in which a liquid crystal panel 1 is disposed. The 
liquid crystal panel 1 comprises a pair of oppositely dis- 
posed glass plates having electrodes on their opposing 
surfaces and a liquid crystal disposed between the pair 
of glass plates. A pair of polarizing films (not shown) are 
applied onto both surfaces of the liquid crystal panel 1 , 
so as to function as polarizers. Between the face plate 
9 and the liquid crystal panel 1 , an elastic member 1 1 is 
disposed so as to surround the display region of the liq- 
uid crystal panel 1 and define a closed space 1 3 by the 
liquid crystal panel 1 , the face plate 9 and the elastic 
member 1 1 . On the other hand, between the panel-fixing 
plate 7 and the liquid crystal panel 1 , an elastic member 
8 is disposed so as to surround the display region of the 
liquid crystal panel 1 and define a closed space 19 by 
the liquid crystal panel 1, the panel-fixing plate 7 and 
the elastic member 8. Further, to the liquid crystal panel 
1 is connected a TAB film 4 which is a flexible print circuit 
film having a drive IC thereon. The TAB film 4 is further 
connected to a peripheral circuit board (hereinafter 
called "driver board 8 ) 5 for the drive IC. The driver board 
5 is fixed to a projecting portion 7a of the panel-fixing 
plate 7. Further, onto the tower surface of the panel-fix- 
ing plate 7, a panel control board (not shown) is fixed 
and connected to the liquid crystal panel 1 via cables 
(not shown) and the driver board 5 by mean of screws 
and pressing metals. 

When an acceleration accompanying an impact 
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acts in a +Y direction as shown, the liquid crystal panel 

I is caused to move in the direction. However, as the 
closed space functions as an air damper and because 
of the elasticity of the elastic member 8, the movement 
and deformation of the liquid crystal panel 1 are sup- 
pressed, thereby to prevent the deterioration of the 
alignment characteristic and image quality of the liquid 
crystal panel 1 . 

On the other hand, in case where an acceleration 
accompanying an impact acts in a -Y direction shown in 
Figure 3, because of the function of. the closed space 
1 3 as an ai r damper and the elasticity of the elastic mem- 
ber 11 , the movement of the liquid crystal panel 1 in the 
direction is suppressed to show a similar effect. 

However, in case where the panel size (diagonal 
picture area size) is enlarged to 17 inches or larger and 
the acceleration caused by an impact is too large, the 
internal unit 2 per se is deformed as shown in Figure 3, 
and accordingly the panel-fixing plate and the liquid 
crystal panel 1 are deformed, thus being liable to dete- 
riorate the alignment characteristic and image quality of 
the liquid crystal panel 1. 

Therefore, according to another embodiment of the 
present invention, there is provided a display apparatus 
including an outer casing member 3 having an inner 
space, a first plate member 9 disposed along an inner 
surface of the outer casing member 3, a second plate 
member 7 disposed with a prescribed spacing from the 
first plate member 9, a liquid crystal panel 1 disposed 
between the plate members 7 and 9, an elastic member 

II disposed between the first plate member 9 and the 
liquid crystal panel 1 , and an elastic member 8 disposed 
between the second plate member 7 and the liquid crys- 
tal panel 1 ; wherein a support member (e.g., a member 
18a in Figure 16) is disposed at a spacing between the 
second plate member 7 and the outer casing 3. In this 
instance, the support member can be fixed to either the 
second plate member or the outer casing member. It is 
preferred that the support member is fixed to both the 
second plate member and the outer casing member. It 
is further possible to dispose a third plate member be- 
tween the second plate member and the liquid crystal 
panel and dispose elastic members, respectively, be- 
tween the liquid crystal panel and the third plate mem- 
ber, and between the third plate member and the second 
plate member. In this instance, it is preferred that the 
third plate member is fixed to the outer casing member 
via an elastic member. Further, the second plate mem- 
ber can be constituted as a backlight device. The sec- 
ond plate member can also be constituted as a side 
light-type backlight device comprising a light guide 
member and light sources disposed to surround or 
sandwich the light guide member. The liquid crystal pan- 
el may comprise a pair of opposing substrates having 
electrodes on their opposing surfaces and a liquid crys- 
tal disposed between the substrates. The liquid crystal 
may be a chiral smectic liquid crystal. 

Based on the above structure, even if a liquid crystal 



apparatus is supplied with a strong impact so as to 
cause the second plate member to move closer to the 
outer casing member, the movement is suppressed by 
a support member disposed between the second plate 

5 member and the outer casing member, and the defor- 
mation of the second plate member is also suppressed. 
As a result, the movement and deformation of the liquid 
crystal panel supported by the second plate member via 
an elastic member are also reduced. 

10 Several embodiments of liquid crystal display appa- 
ratus may be disclosed including one shown in Figure 4. 

Referring to Figure 4, a liquid crystal display appa- 
ratus includes openably or separably structured upper 
and lower housings 3d and 3e (hereinafter called "upper 

is housing" and "lower housing"), of which the upper hous- 
ing 3d is provided with an opening 3b. Further, the inner 
surface 3f of the upper housing 3d is provided with a 
boss 3a, to which an inner unit 2 is fixed by a screw 7d. 
The inner unit 2 includes a panel-fixing plate (sec- 

20 ond member) 7 having a projection 7a. The inner unit 2 
also includes a face plate-supporting member 1 0 having 
edges fixed to the panel-fixing plate 7 by screws, etc. 
(not shown), and the other portion of the face plate-sup- 
porting member 10 is separated from the panel-fixing 

2S plate 7 to form a space together with the panel-fixing 
plate 7. The face plate-supporting member 10 is further 
provided with an opening 10a in a region corresponding 
to the opening 3b of the upper housing. The edge portion 
10b surrounding the opening 10a is bent downwards 

30 along the entire periphery of the opening. A transparent 
face plate (first member) 9 is fitted into the resultant re- 
cess of the edge portion 10b to close the opening 10a. 

A liquid crystal panel 1 is disposed between the 
panel-fixing plate 7 and the face plate 9. The liquid crys- 

35 tal panel 1 comprises a pair of glass substrates disposed 
in parallel and having electrodes on their inner surfaces. 
A liquid crystal is disposed between the substrates. Po- 
larizing films are applied on both surfaces of the liquid 
crystal panel 1. Between the liquid crystal panel 1 and 

40 the face plate 9, an elastic member (second elastic 
member) is disposed so as to surround a display region 
of the liquid crystal panel 1. Between the liquid crystal 
panel 1 and the panel-fixing plate 7, an elastic member 
(third elastic member) 8 is disposed so as to surround 

45 a display region of the liquid crystal panel 1 . The elastic 
member 1 1 , the liquid crystal panel 1 , and the face plate 
9 define an almost closed space 13. The liquid crystal 
panel 1 , the panel-fixing plate 7 and the elastic member 
8 define an almost closed space 19. The face plate 9 

50 and the opening 3b of the housing are disposed in align- 
ment with the display region of the liquid crystal panel 
1. To the liquid crystal panel 1 are connected a TAB film 
4 comprising a flexible print circuit film having a drive IC 
thereon and a driver board 5 as a peripheral circuit sub- 

55 strate for the drive IC. The driver board 5 is connected 
to a control board (not shown) via a flexible cable, so 
that drive signals are supplied from the control board to 
the liquid crystal panel 1 . The driver board 5 is affixed 



5 



1 



9 EP 0 730 

to the protrusions 7a by means of screws and holding 
metal members (not shown). 

When such a liquid crystal display apparatus is 
dropped in a +Y direction in Figure 4 to impinge on a 
ground (not shown), the panel is caused to be deformed s 
in the direction. However, as an elastic member 18 is 
disposed between the liquid crystal panel 1 and the pan- 
el-fixing plate 7, and the almost closed spaces 1 3 and 
1 9 function as air dampers, the deformation of the liquid 
crystal panel 1 is suppressed to well retain the alignment 10 
characteristic and the image quality of the liquid crystal 
panel 1 . 

Further, even in.the case where an impact is applied 
in a -Y direction in Figure 4, the deformation of the liquid 
crystal panel in the direction is suppressed by the func- is 
tion of the elastic member 11 and the almost closed 
spaces 1 3 and 1 9. 

The periphery of the inner unit 2 is however tightly 
fixed to the upper housing 3d. Accordingly, in case 
where the upper housing 3d is deformed by dropping of 20 
the liquid crystal display apparatus, theflexural moment 
thereof is transmitted to the inner unit 2 per se, so that 
the inner unit 2 including the panel-fixing member 7 and 
the face plate-supporting member 10 is liable to be de- 
formed as shown in Figure 5. If the inner unit 2 is de- 25 
formed, the liquid crystal panel 1 is also deformed to re- 
sult in inferior alignment state and image quality thereof. 
This problem becomes noticeable in case where the liq- 
uid crystal panel is provided with a larger display area. 

In an embodiment of the present invention, a liquid 30 
crystal apparatus is constituted to include an inner unit 
2 including a liquid crystal device 1 and a housing 3 to 
which the inner unit 2 is affixed. The apparatus further 
includes a first elastic member between the inner unit 2 
and the housing 3 so that a flexural moment caused by 35 
the deformation of the housing is prevented from being 
transmitted to the inner unit. In this case, it is preferred 
that the inner unit is screwed to the housing, and the first 
elastic member is disposed between the inner unit 2 and 
the housing at the part of the screw connection. 40 

In this instance, the inner unit includes first and sec- 
ond members disposed with a prescribed spacing ther- 
ebetween, a liquid crystal device disposed between the 
first and second members, a second elastic member 
disposed between the first member and the liquid crystal *s 
device, a third elastic member disposed between the 
second member and the liquid crystal device, so as to 
define an almost closed space by the liquid crystal de- 
vice, first member and second elastic member and de- 
fine an almost closed space by the liquid crystal device, so 
second member and third elastic member. 

It is also, possible to dispose a third member be- 
tween the second member and the liquid crystal device 
and dispose third elastic members respectively between 
the third member and the liquid crystal' device and be- ss 
tween the third member and the second member so as 
to define almost closed spaces by the third member, and 
a third elastic member together with the liquid crystal 
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device and the second member, respectively. 

It is also possible that the third member is provided 
with an opening and the liquid crystal device is affixed 
to the third member so as to close the opening and so 
that the opening is aligned with the image region of the 
liquid crystal device. In this instance, the third member 
may include a panel-fixing part to which the liquid crystal 
device is affixed, an affixing part to be affixed to the sec- 
ond member and an elastic part disposed between the 
panel-fixing part and the affixing part. 

The second member may be provided as a plate 
member. Alternatively, the second member may be pro- 
vided as a backlight device disposed so as to illuminate 
the liquid crystal device. In this instance, the second 
member may comprise a transparent light guide mem- 
ber and a light source disposed in proximity to the light 
guide member. The light guide member may comprise 
an acrylic plate. The light guide member may have a 
surface opposite to the liquid crystal device provided 
with a light -diffusing means, e.g., applied thereto. It is 
also possible to dispose a light-diffusing means at the 
opening of the third member. 

On the other hand, the first member may comprise 
a transparent plate member so that the displayed image 
on the liquid crystal device can be observed through the 
first member. 

The first elastic member may comprise rubber. Fur- 
ther, the second and third elastic members may com- 
prise rubber. 

The liquid crystal device may comprise a pair of 
substrates having thereon electrodes and a liquid crys- 
tal disposed between the substrates. The liquid crystal 
device may be connected with a drive IC for driving the 
liquid crystal device, and a peripheral circuit board for 
driving the drive IC. The liquid crystal may be a chiral 
smectic liquid crystal showing ferroelectricity. 

Based on the above-described structure, even if the 
liquid crystal apparatus is dropped to deform the hous- 
ing thereof, the flexural moment caused by the defor- 
mation is prevented from being transmitted to the inner 
unit. 

The display panel used in the present invention may 
comprise a plasma device, an elect rochromic device, a 
liquid crystal device, a digital micro-mirror device 
(OMD), etc. Among these, the liquid crystal device may 
preferably be one using a nematic liquid crystal or a 
smectic liquid crystal as an optical modulation material 
disposed between a pair of substrates. In the present 
invention, it is particularly preferred to use a liquid crys- 
tal device including a pair of substrates, between which 
a multiplicity of adhesive beads or pieces of a curable 
resin are dispersed and cured so as to retain a constant 
layer thickness of the liquid crystal and prevent the liquid 
crystal molecular alignment disorder by bonding the pair 
of substrates. The cured adhesive beads or pieces in 
the shape of small cylindrical pillars or square pillars of 
1 - 10 ujti in diameter do not adversely affect the display 
quality. In combination with such adhesive pieces, it is 
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preferred to use a non-adhesive spacer in a particulate 
or stripe form in combination. 

Such a panel structure may be found, e.g., in U.S. 
Patents Nos. 4,740,060 and 4,989,955. 

If the adhesive and a sealant for sealing the periph- 
ery of the pair of substrates are both composed of a cur- 
able epoxy resin-based material the pair of substrates 
may be bonded to each other with a constant gap ther- 
ebetween through a common step for curing the adhe- 
sive and the sealant by heat-application or photo-irradi- 
ation. 

Thus, in the present invention, by retaining a con- 
stant gap between the substrates by a cured resin in the 
display panel, and externally supporting the display pan- 
el with an elastic member, an alignment or a stability in 
the display panel is better retained. 

The elastic members used in the present invention 
may preferably comprise a natural or synthetic resin or 
elastomer, examples of which may include silicone rub- 
ber, polyester-type foam rubber, butyral rubber, elasto- 
meric adhesives. 

The elastic members may preferably be disposed 
outside the effective display region of the display panel. 
Colored elastic materials can be disposed at a transpar- 
ent portion of the face plate to be also used as a masking 
material. 

The elastic members may preferably be disposed 
continuously or discretely so as to surround outer four 
sides (outer periphery) of the effective display area but 
may be disposed at at least two laterally or vertically 
symmetrical parts without causing a practical problem. 

The support means for supporting the display panel 
used in the present invention may preferably be formed 
of a non-elastomeric material, examples of which may 
include plastics, metals, glass and ceramics. 

As the display apparatus according to the present 
invention is provided with an improved impact-resistant 
structure, the display quality is not impaired even if a 
pen-input means, such as a digitizer or a touch panel, 
is provided on the face plate. Further, as the face plate 
can be disposed closer to and in parallel with the display 
panel, an accurate input becomes possible. 

The present invention will be further discussed with 
respect to more specific embodiments shown in the 
drawings. 

[First embodiment] 

Figure 6 is a perspective view of a liquid crystal dis- 
play apparatus according to an embodiment of the 
present invention, and Figure 7 is a sectional view taken 
along a line A-A 1 in Figure 6. 

Referring to Figure 7, a liquid crystal panel 1 is con- 
stituted by a pair of opposing glass substrates each hav- 
ing electrodes thereon and a (ferroelectric) chiral smec- 
tic liquid crystal disposed between the glass substrates. 
The liquid crystal panel 1 is provided with a polarizing 
film functioning as a polarizer applied onto each of the 



upper and lower surfaces thereof. The polarizing films 
are however not directly related with the gist of the 
present invention, so that they have been omitted from 
showing for the sake of brevity. The liquid crystal panel 
5 1 is connected to a driver IC comprising a TAB film car- 
rying an IC chip and a driver board 5 for supplying signal 
electricity to the driver IC. 

The liquid crystal panel 1 is fixedly disposed on a 
first elastic member 8 which is disposed on an upper 
10 surface of an apparatus housing member 7 so that the 
first elastic member 8 surrounds the display area of the 
liquid crystal panel 1. This structure may be formed by 
applying a rubber-type adhesive of (e.g., silicone rub- 
ber) assuming elastomeric property after curing in the 
is form of a frame onto the upper surface of the housing 
member 7, and placing the liquid crystal panel 1 thereon, 
followed by curing. 

Above liquid crystal panel 1 , a fare plate 9 is dis- 
posed by fixing it to a face plate-supporting member 10, 
20 which in turn is fixed to the housing member 7. 

Between the face plate 9 and the liquid crystal panel 
1 , a second elastic member 11 is disposed so as to sur- 
round the display area of the liquid crystal panel 1 sim- 
ilarly as the first elastic member 8. As a result, an almost 
25 closed space 12 is defined by the housing member 7, 
the liquid crystal panel 1 and the first elastic member B, 
and an almost closed space 13 is defined by the face 
plate 9, the liquid crystal panel 1 and the second elastic 
member 11. 

30 The function of the liquid crystal display apparatus 
when an impact is applied to the liquid crystal panel 1, 
e.g., by dropping of the display apparatus, will now be 
described. 

In the case of dropping in a +Y direction, the liquid 

35 crystal panel 1 is supplied with a load by the impact of 
the dropping, whereby the liquid crystal panel 1 is 
moved in the +Y direction in Figure 7. At this time, owing 
to the air damper effect of the space 1 2 below the liquid 
crystal panel 1 and the elasticity of the elastic member 

40 8, the deformation of the liquid crystal panel 1 is sup- 
pressed to a low level, whereby the deterioration of the 
alignment characteristic and image quality of the liquid 
crystal panel 1 . 

Also in the case of dropping in a -Y direction, owing 

45 to the air damper effect of the space 1 3 above the liquid 
crystal panel 1 and the elasticity of the elastic member 
11 , effects similar to those in the case of the movement 
in the +Y direction are attained. In the hitherto proposed 
apparatus (shown in Figure 28A), the housing member 

50 7 or the face plate-supporting member 10 is provided 
with a hole 1 6 for passing a cable 1 5 connecting the driv- 
er board 5 and the panel control board 14, the air-tight- 
ness of the space above the liquid crystal panel 1 has 
been low, whereas the air damper effect is improved by 
55 disposing the second elastic member 11 at a position 
shown in the Figure 7 to provide a higher air-tightness. 
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[Second embodiment] 

Figure 8 shows an embodiment providing an im- 
provement in First embodiment. As shown in Figure 6, 
a liquid crystal panel 1 is fixed to a panel-fixing member 
1 7 via a first elastic member 8 as described above, and 
the panel-fixing plate 1 7 is fixed to a housing member 
7. The panel-fixing plate 17 is provided with an opening 
31 in a region corresponding to the display area of the 
liquid crystal panel 1. Further, a third elastic member 18 
is disposed between the panel-fixing plate 17 and the 
housing member 7 at a position symmetrical to the first 
elastic member 8 with respect to the panel-fixing plate 
17, whereby an almost closed space 19 is defined by 
the liquid crystal panel 1 , the first elastic member 8, the 
panel-fixing plate 17, the third elastic member 18 and 
the housing member 7. 

As a result, an improved effect of relaxing the im- 
pact to the liquid crystal panel 1 by utilizing not only the 
air damper effect of the space 1 9 but also the elasticity 
at the time of deformation of the panel-fixing plate 17 
and the third elastic member 18. 

[Third embodiment] 

In the structure shown in Figure 8 S the elasticity at 
the time of deformation of the panel-fixing plate 17 is 
also utilized for impact alleviation. However, in case 
where the deformation of the panel-fixing plate 17 is too 
large, it is liable to cause a problem that the liquid crystal 
panel 1 is also deformed accompanying the panel-fixing 
plate 17. 

Therefore, as shown in Figure 9, a fourth elastic 
member 21 is disposed between a peripheral edge of 
the panel-fixing plate 17 and the opening inner surface 
of a fixing plate-supporting member 20, so the panel- 
fixing plate 17 is hung in space via the fourth elastic 
member 21 by the fixing plate-supporting member 20. 
This structure may be formed by filling a gap between 
the peripheral edge of the panel-fixing plate 17 and the 
opening inner surface of the fixing plate-supporting 
member 20 with a rubber adhesive, followed by curing 
thereof by standing for a relatively long time. Then, the 
fixing plate-supporting member 20 is fixed between the 
housing member 7 and the face plate-supporting mem- 
ber 10. 

According to Third embodiment described above, 
the deformation of the panel-fixing plate 17 is sup- 
pressed due to deformation of the fourth elastic member 
21. As a result, the effect of impact relaxation on the 
liquid crystal panel 1 is retained by the third elastic mem- 
ber 1 8 and the fourth elastic member 21 while suppress- 
ing the deformation of the panel-fixing plate 17. 

On the other hand, in the hitherto proposed struc- 
ture, such an elastic member 21 has to be sufficiently 
deformed in oder to obtain a relaxation effect. Accord- 
ingly, a large spacing has to be provided between the 
face plate 9 and the housing member 7, so as to prevent 



the panel-fixing plate 17 from contacting the face plate 
9 and the housing member 7. 

In the structure of Figure 9, however, the deforma- 
tion of the fourth elastic member 21 may be set to a 
5 smaller degree by adding the first elastic member 8, the 
second elastic member 11 and the third elastic member 
18, so that the face plate 9 and the housing member 7 
may be disposed closer to the panel-fixing plate 17, i. 
e., to the liquid crystal panel 1 . As a result, the parallax 
10 between the face plate 9 and the liquid crystal panel 1 
and the fading of the display can be suppressed, and 
the thickness of the entire liquid crystal display appara- 
tus can be reduced. 

Further, in the structure shown in Figure 9, by add- 
is ing the first to third elastic members 8, 11 and 18, the 
width of the fourth elastic member (i.e., the gap between 
the edge face of the panel-fixing plate 17 and the inner 
surface of the fixing plate-supporting member 20) can 
be reduced than the conventionally set value (width of 
the elastic member 6 in Figure 28A), whereby the mar- 
ginal area size (the area outside the display area) of the 
liquid crystal display apparatus can be substantially re- 
duced. 

The first elastic member 8 may preferably have a 
cross sectional shape defined by a thickness (i.e., a gap 
between the lower surface of the liquid crystal panel 1 
and the upper surface of the panel-fixing plate 1 7) d and 
a lateral (or radial) width (i.e., a minimum size in a di- 
rection parallel to the liquid crystal panel 1 ) B satisfying 
d^B. Such a sectional shape may be given by applying 
a rubber adhesive twice in superposition. The rubber ad- 
hesive preferably used may have a rubber hardness of 
at most 50 deg. after the curing. 

The above-mentioned sectional shape of the mate- 
rial condition (rubber hardness) may be preferred for 
reasons, which will be explained below with reference 
to Figures 10 and 11. 

The mechanism for the suppressed deformation of 
the panel-fixing plate 7 is as described above, i.e., the 
elasticity of the third elastic member 18 disposed below 
the panel-fixing plate 17 and the air damper effect of the 
spaces 1 3'and 19 -in the case of dropping in the +Y di- 
rection, and the elasticity of the second elastic member 
disposed above the panel-fixing plate 17 and the air 
damper effect of the spaces 13 and 19 in the case of 
dropping in the -Y direction. Further, by providing the 
first elastic member with the above-mentioned sectional 
shape and a rubber hardness of at most 50 deg., the 
first elastic member 8 can be easily deformable in re- 
sponse to a deformation stress applied to the pan el -fix- 
ing plate 17. This leads to a reduced transmission of the 
deformation of the panel-fixing plate 1 7 to the liquid crys- 
tal panel 1 , thereby providing a further improved impact 
relaxation effect. 

In a specific example of combination, the first elastic 
member was formed of silicone rubber having a rubber 
hardness of 35 deg. in a sectional shape of B= 1.5 mm 
and d = 2.5 ±0.5 mm. 
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The second elastic member 1 1 and the third elastic 
member 11 may preferably comprise a rubber, such as 
polyester-type foam rubber, having a lower rubber hard- 
ness than the rubber constituting the first elastic mem- 
ber 8, such as silicone rubber. s 

Further, the second elastic member 1 1 and the third 
elastic member 18 may be fixed in a compressed state, 
respectively, between the face plate 9 and the liquid 
crystal panel 1 and between the panel-fixing plate 17 
and the housing member 7. io 

In the structures of Figures 7 - 9, the face plate 9 
may comprise chemically reinforced glass sheet sub- 
jected to a non-glare film onto a glass sheet. An ordinary 
glass sheet is more fragile than a chemically reinforced 
glass sheet, so that the use thereof as a face plate 9 is is 
difficult from the view point of safety. However, if a film 
is applied thereon, the scattering of fragments is pre- 
vented, so that an ordinary glass sheet may be suffi- 
ciently used. 

20 

[Fourth embodiment] 

In this embodiment, the above-described embodi- 
ments are improved with respect to the manner or struc- 
ture of supporting the driver board 5 onto the housing 25 
member 7 or the panel-fixing plate 17. Figures 12, 13 
and 14 illustrate an embodiment wherein a driver board 
5 is supported by a panel-fixing plate 17. (Incidentally, 
in Figures 1 3 and 1 4, an upper structure including a face 
plate-9 and a face plate-supporting member has been 30 
omitted from showing for convenience of illustration.) 
The driver board 5 is sandwiched or held by a supporting 
rib 22 formed on the upper surface of the panel-fixing 
plate 17, a driver board-holding elastic member (here- 
inafter called a holding elastic member) 23 and a metal 35 
member (hereinafter called a holding metal) 24 affixed 
onto the upper surface of the panel-fixing plate 17. 

In this instance, the distance between the upper 
surface of the rib 22 and the lower surface of the holding 
elastic member 23, and the distance between the upper *o 
surface of the rib 22 and the lower surface of the holding 
metal 24, are respectively set to be larger than the thick- 
ness of the driver board 5, so that a gap is always left 
between the driver board 5 and the holding metal 24. 

As a result, the driver board 5 can be moved freely 45 
in the ±X and Z directions but the movement thereof is 
lightly constrained in the ±Y directions. As described 
above, since the first elastic member 8 is provided with 
a sectional shape of d ^ B, the liquid crystal panel 1 can 
be moved in a larger degree in any of the ±X, Y and 2- so 
directions. As a result, some concern may arise that a 
load is applied at electrical connections between the liq- 
uid crystal panel 1 and the TAB film 4, and between the 
TAB film 4 and the driver board 5. However, as shown 
in Figures 12 and 1 3, the movement of the driver board ss 
5 is free in the ±X and Z-directions and lightly con- 
strained in the ±Y directions and the gas between the 
driver board 5 and the holding metal 24 is set to be small- 



er than the degree of movement of the liquid crystal pan- 
el 1 in the ±X and Z-directions, so that no load is applied. 

[Fifth embodiment] 

In this embodiment, as shown in Figure 15, a back- 
light unit 25 is disposed in place of the housing member 
7 so as to form almost closed spaces 1 9 and 1 9a below 
a liquid crystal panel 1 . The backlight unit 25 includes a 
backlight-supporting member 26 and a lighting unit 27 
fixed to the lower side thereof. The lighting unit 27 has 
a side light-structure including tubular light sources 8 (e. 
g., of hot cathode lamps) each disposed on a side there- 
of, a transparent acrylic plate 29 as a light-guide mem- 
ber superposed with a diffusive sheet (not shown) for 
providing scattered diffusive light at the center and a re- 
flecting member 30 covering the circumference of the 
tubular light sources 28. 

It is also possible that the diffusive sheet or a diffu- 
sive plate member 32 is disposed and fixed so as to 
close the opening of the panel-fixing plate 17. In this in- 
stance, upper and lower almost closed spaces 1 9 and 
1 9a may be formed in separation, but both spaces retain 
an almost closed state, so that the air damper effect is 
not impaired. 

The above-respective embodiments have been de- 
scribed as using a ferroelectric liquid crystal because 
the liquid crystal is liable to cause an alignment deteri- 
oration when supplied with an impact, but the respective 
structures can be effectively applied to a liquid crystal 
panel-supporting structure using other liquid crystal ma- 
terials (e.g., a nematic liquid crystal). In this way, the 
effectiveness of the above-described structures does 
not depend on the kinds of liquid crystal materials. 

A silicone rubber adhesive has been described as 
constituting the,first elastic member 8 between the liquid 
crystal panel 1 and the panel-fixing plate by bonding 
these members therewith, but other adhesive materials 
may be used similarly if a similar rubber hardness can 
be given thereby. 

Further, a similar effect can be attained by using a 
frame-shaped elastic material prepared, e.g., by stamp- 
ing from a larger size formed sheet and fixing the elastic 
member, e.g., by using a double-coated adhesive tape. 
Such a frame-shaped elastic member may be com- 
posed of a variety of materials and prepared and fixed 
in other manners than described above. 

As described above, the housing member 7 can be 
replaced by a backlight unit 25, which however can be 
an of a direct backing type, a side light -type using a solid 
light-guide member (as described) and a side light-type 
using a hollow light-guide member, by retaining a similar 
effect. Thus, the present invention does not depend on 
the type of the backlight unit. 

As described above, according to First to Fifth em- 
bodiments of the present invention, the deformation of 
a liquid crystal panel when subjected to a dropping im- 
pact is suppressed owing to the air damper effect of a 
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space and the elasticity of the first elastic member, 
thereby preventing. the deterioration of alignment char- 
acteristic and image quality of the liquid crystal panel. 

Further, as a third elastic member is disposed be- 
tween the panel-fixing plate and the apparatus housing 
member, it becomes possible to utilize the elasticity 
thereof at the time of deformation, thereby improving the 
effect of relaxing the impact to the liquid crystal panel. 

Further, by supporting the panel-fixing plate in a 
hang-in-space state via a fourth elastic member dis- 
posed to surround it to the fixing plate-supporting mem- 
ber, the impact relaxation effect for the liquid crystal pan- 
el is retained due to the elasticity of the third and fourth 
elastic members while suppressing the deformation of 
the panel-fixing plate due to deformation of the fourth 
elastic member. 

Further, by specifying the sectional shape and the 
rubber hardness of the first elastic member, the first 
-elastic member is allowed to be deformed easily so that 
the deformation of the panel-fixing plate at the time of 
dropping is well prevented from being transmitted to the 
liquid crystal panel. By adding these structural modifi- 
cations, it is possible to attain a further improved drop- 
ping impact relaxation effect. 

Further, by adding the first to third elastic members, 
the deformation of the fourth elastic member can be re- 
duced, so that the face plate and the housing member 
can be disposed closer to the panel-fixing plate, i.e., to 
the liquid crystal panel. As a result, the parallax between 
the face plate and the liquid crystal panel can be re- 
duced, the fading of display can be alleviated and the 
thickness of the entire liquid crystal display apparatus 
can be reduced to allow a compact apparatus. 

Further, by adding the first to third elastic members, 
the width of the freely-deformable fourth elastic member 
can be reduced compared with a corresponding elastic 
member in a known apparatus, so that it is possible to 
reduce the marginal frame size surrounding the display 
area of the liquid crystal display apparatus. 

[Sixth embodiment] 

Referring to Figure 1 6, a liquid crystal apparatus ac- 
cording to this embodiment includes a support member 
18a disposed between a lower casing member 3e and 
a panel-fixing plate (second plate member) 7. The sup- 
port member 18 is fixed to the panel-fixing plate 17 with 
its upper surface, and the lower surface thereof is abut- 
ted and fixed to the upper surface of the lower casing 
member 3e. The support member 1 8a is generally in the 
form of a pillar. 

On the other hand, elastic members 11 and 8 are 
formed from a rubber type adhesive 9 (of, e.g., silicone 
rubber) capable of retaining elasticity even after the cur- 
ing. More specifically, the elastic members may be 
formed by applying such an adhesive in the form of a 
frame onto the surfaces of a face plate (first state mem- 
ber) 9, the liquid crystal panel 1 or the panel-fixing plate 



7, and then applying these members to each other. 

In this embodiment, the outer casing 3 is composed 
of an upper casing member 3d and the lower casing 
member 3e, and the lower casing member 3e is dis- 

5 posed releasably as desired. 

The liquid crystal apparatus according to this em- 
bodiment functions as follows. 

When the liquid crystal apparatus is dropped onto 
a floor, etc., to receive a large impact in a +Y direction, 

10 an inner unit 2 including the panel-fixing plate 7 is 
caused to move by inertia in the +Y direction, but the 
inner unit 2 is fixedly supported by the lower casing 
member 3e via the support member 18a, whereby the 
movement is prevented. As a result, the deformation of 

is the liquid crystal panel 1 accompanying the movement 
and deformation of the inner unit 2 is prevented, so that 
the deterioration of the alignment characteristic and the 
image quality is prevented. Further, the deformation of 
the upper casing member 3d is also prevented. 

20 When a large impact is applied in a -Y direction, the 
movement of the inner unit 2 in the -Y direction is pre- 
vented by a pulling force exerted by the support member 
18a, so that the movement and the deformation of the 
inner unit 2 are prevented. 

2S As described above, according to this embodiment, 
even when a large impact is applied to the liquid crystal 
apparatus, the deformation of the liquid crystal panel 1 
is suppressed, thereby to prevent the deterioration of 
the alignment characteristic and the image quality. 

30 

[Seventh embodiment] 

In this embodiment shown in Figure 17, a panel-fix- 
ing plate (third plate member) 17 is provided with an 

35 opening 1 7a in a region corresponding to the display ar- 
ea of the liquid crystal panel 1 and, below the panel- 
fixing plate 17, a fixing plate-supporting member (sec- 
ond plate member) 7 is disposed. The fixing plate-sup- 
porting member 7 is screwed to the upper casing 3d to- 

40 gether with the panel-fixing plate 17 and the face plate- 
supporting member (first plate member) 10. Between 
the panel-fixing plate 17 and the fixing plate-supporting 
member 7, a frame-shaped elastic member 18 is dis- 
posed so as to surround the display area of the liquid 

45 crystal panel 1 , whereby a closed space 1 9a is defined 
by the liquid crystal panel 1 , the elastic members 8 and 
18, the panel-fixing plate 17 and the fixing plate-support- 
ing member 7. 

At a spacing between the lower casing member 3e 

so and the fixing plate-supporting member 7, a support 
member 1 8a is disposed. The upper surface of the sup- 
port member is fixed to the lower surface of the fixing 
plate-supporting member 7, and the lower surface 
thereof is abutted and fixed to the upper surface of the 

55 lower casing member 3e. 

According to this embodiment, the impact applied 
to the liquid crystal panel is alleviated by the elasticity 
of the panel-fixing plate 17 and the elastic member 18, 



10 



19 



EP0 730 185 A2 



20 



the prevention of the deterioration of the alignment char- 
acteristic and the image quality are further ensured. 

[Eighth embodiment] 

5 

In this embodiment shown in Figure 18, a portion of 
the panel-fixing plate 40 is composed of an elastic mem- 
ber 21 . More specifically, the panel-fixing plate 40 in this 
embodiment includes a frame-shaped base portion 20, 
a fixing portion 1 7 for supporting the liquid crystal panel 10 
1 and the driver board 5, and the elastic member 21 con- 
necting the base portion 20 and the fixing portion 17. 
Such a connecting structure may be formed by dispos- 
ing the base portion (member) 20 and the fixing portion 
(member) 17 at positions as shown, and filling the spac- 
ing therebetween with a rubber adhesive to cure the ad- 
hesive: The ether structures are similar to those shown 
in Seventh embodiment described above. 

According to this embodiment, the fixing portion 17 
of the panel-fixing plate 40 is supported via the elastic 
member 21, the deformation of the fixing portion 17 is 
alleviated. As a result, the deformation of the liquid crys- 
tal panel 1 accompanying the deformation of the fixing 
portion 17 is alleviated, to ensure the prevention of de- 
terioration of the alignment characteristic and the image 
quality. 

[Ninth embodiment] 

In this embodiment shown in Figure 19, a backlight- 
supporting member 26 is disposed below a panel-fixing 
plate 17 (third plate member). The backlight-supporting 
member 26 is provided with an opening 26a in a region 
corresponding to the display area of the liquid crystal 
panel 1 . Between the panel-fixing plate 1 7 and the back- 
light-supporting member 26, a frame-shaped elastic 
member 18 is disposed so as to surround the display 
area of the liquid crystal panel 1. Below the backlight- 
supporting member 26, a side-light type backlight de- 
vice (second plate member) 27 is disposed. The back- 
light device 27 includes a transparent acrylic plate 29 as 
a light guide member, which is disposed in a region cor- 
responding to the display area of the liquid crystal panel 
1 . Surrounding the light guide member 29, light sources 
including, e.g. , cold cathode tubes or hot cathode tubes. 
Each light source is backed with a reflecting member 
30. Further, a light-diffusive sheet (not shown) is dis- 
posed in superposition of the light guide member. 

In the above embodiments, the support member 
18a is in the form of a pillar but can be a rib-shaped. A 
single support member 18a is used in the above, but a 
plurality of support members 18a can be used as shown 
in Figure 20. Further, in the above embodiment, both the 
upper and lower surfaces of the support member 18a 
are fixed, but it is possible to fix only one of them. 

The elastic member 11 can be formed from any oth- 
er adhesive in place of the rubber adhesive (of, e.g., sil- 
icone rubber adhesive) used in the above, if it has a sim- 



ilar degree of hardness after the curing. The elastic 
member may also be formed by fixing a stamped frame- 
shaped elastic material with a double-coated tape. 

The light guide member 29 need not be a transpar- 
ent solid acrylic plate described above but can be a hol- 
low light guide member. The backlight device need not 
be of the side light-type but can be a direct-backing type. 
The light-diffusive member (sheet in the above) need 
not be directly superposed with the light guide member 
29 as described above. Instead thereof, e.g., a light dif- 
fusive plate member 60 may be disposed so as to close 
the opening 40a of the panel-fixing plate 17. In this in- 
stance, upper and lower closed spaces 1 9 and 1 9a are 
formed in separation, but both spaces retain an almost 
closed state, so that the air damper effect is retained. 

The above embodiments have been described as 
using a liquid crystal panel 1 containing a ferroelectric 
liquid crystal, which however can be replaced by anoth- 
er liquid crystal material (such as nematic liquid crystal). 

As described above, according to Sixth to Ninth em- 
bodiments, even when a liquid crystal apparatus is sup- 
plied to a large impact, the movement and deformation 
of the second plate member is prevented by the support 
member. As a result, the movement and deformation of 
the liquid crystal panel supported via an elastic member 
by the second plate member are also suppressed to pre- 
vent the deterioration of the alignment characteristic and 
image quality of the liquid crystal panel. 

In case where the support member is fixed to either 
one of the second plate member and the outer casing, 
the support member is always held at a right position to 
ensure the prevention of deterioration of the alignment 
characteristic and image quality. 

In case where the support member is fixed to both 
the second plate member and the outer casing, it is pos- 
sible to suppress not only the movement or deformation 
of the second plate member toward the outer casing but 
also the movement or deformation of the second plate 
member in a direction leaving away from the outer cas- 
ing, thereby better ensuring the prevention of deteriora- 
tion of the alignment characteristic and image quality of 
the liquid crystal panel. 

[Tenth embodiment] 

In this embodiment shown in Figures 22 and 23, a 
gap d 1 is formed between a boss 3a and an inner unit 
2, and elastic members (first elastic members) 51 are 
disposed at the gap d-,. The elastic members 51 are 
formed of silicone rubber in a ring shape, and screws 
BT are inserted therethrough to fix the elastic members 
51 . In other words, the inner unit 2 is attached to the 
upper housing member 3d in a hinged structure, where- 
by the inner unit 2 in appropriately held in a prescribed 
position while avoiding the transmission of aflexural mo- 
ment from the upper housing member 3d to the inner 
unit 2. 

In this embodiment, elastic members 11 and 8 are 
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formed from a rubber adhesive (of, e.g. : silicone rubber) 
capable of showing elasticity after the curing. More spe- 
cifically, the elastic member 8 is formed by applying such 
an adhesive in a frame shape on the upper surface of a 
panel-fixing plate 7 and placing a liquid crystal panel (liq- 
uid crystal device) 1 thereon, followed by curing of the 
adhesive. The elastic member 11 may be formed in a 
similar manner. 

When the liquid crystal display apparatus is 
dropped in a +Y direction shown in Figure 23 to impinge 
a floor (not shown), the upper housing member 3d is 
elastically deformed as shown in Figure 23 in a shape 
of a "soup dish" (according to an exaggerated expres- 
sion). However, the upper housing member 3d (more 
exactly, the boss 3a) and the inner unit 2 are affixed to 
each other via the elastic member 51, a flexured mo- 
ment is prevented from being transmitted from the upper 
housing member 3d to the inner unit 2. Accordingly, the 
inner unit 2 is not deformed but ensures its impact-ab- 
sorbing function to prevent the deterioration the per- 
formances of the liquid crystal panel 1 including the 
alignment characteristic. 

When the liquid crystal display apparatus is 
dropped in a -Y direction to impinge a floor (not shown), 
the upper housing member 3d may be deformed, but 
the flexural moment thereof is prevented from being 
transmitted to the inner unit 2. As a result, the inner unit 
2 is not deformed but ensures its impact-absorbing func- 
tion to prevent the deterioration of the alignment char- 
acteristic, etc. of the liquid crystal panel. 

When the impact is removed thereafter, the housing 
member 51 is restored to the original shape, and the 
inner unit 2 is also restored to its prescribed position be- 
fore the impact application. 

As described above, according to this embodiment, 
the transmission of a flexural moment from the upper 
housing member 3d to the inner unit 2 is suppressed, 
thereby preventing the deformation of the inner unit 2 
per se. As a result, the deformation of the liquid crystal 
panel 1 is prevented to well retain the alignment and im- 
age quality of the liquid crystal panel 1. 

Further, at the time of assemblage, it is possible to 
provide the elastic member 51 with an initial deformation 
by clamping the screws BT to a prescribed degree, 
thereby to have the elastic members 51 also function as 
spring washers. As a result, additional washers can be 
removed to reduce the production cost. 

Further, in this embodiment, the elastic members 
51 are disposed in position in a state of being pierced 
with screws BT, so that the positional deviation of the 
elastic members is prevented to always retain a good 
impact relaxation function. 

The gap d n may be determined in the production 
stage by appropriately selecting the protrusion amount 
of the boss 3a and the shape of the face plate-support- 
ing member 10 and may be provided by affixing elastic 
members 51 of an appropriate thickness in a liquid crys- 
tal display apparatus of a hitherto proposed structure. 



In the latter case, it is possible to easily provide a liquid 
crystal display apparatus having excellent impact-re- 
sistance without requiring a design change of the face 
plate-supporting member 10 and the upper housing 

s member 3d, thus avoiding an increase in production 
cost of the liquid crystal display apparatus. 

In this embodiment, the elastic member 51 is dis- 
posed between the boss 3a on the housing member 3d 
and the edge of the inner unit 2. These portions (boss 

io 3a and the edge of the inner unit 2) are naturally rich in 
rigidity in ±Y directions, so that no reinforcement is re- 
quired regardless of impact concentration at the elastic 
member 51 . Accordingly, it is possible to obviate an in- 
crease in production cost accompanying a design 

is change. 

In this embodiment, the boss 3a on the housing 
member 3d may be formed at selected positions for fix- 
ing by the screws BT or may be lormed continuously 
along the peripheral edge of the inner unit 2. Further, in 
the case of forming the boss 3a continuously, the elastic 
member 51 may be disposed at distant positions of fix- 
ing by screws BT or may be continuously disposed 
along the continuously formed boss 3a. 

In the above embodiments, the elastic member 51 
is disposed between the boss 3a and the inner unit 2 
but may also be disposed below the inner unit 2 (i.e., 
between the inner unit 2 and the screw BT) or may be 
disposed on both sides of the inner unit 2. As a result, 
the elastic member 51 may effectively function against 
an impact in the +Y direction or both the ±Y directions. 

Further, it is also possible to form a gap 6% between 
the upper housing member 3d and the face plate-sup- 
porting member 1 0 so as to avoid a contact between the 
upper housing member 3d and the face plate-supporting 
member 10 even when the upper housing member 3d 
is deformed. Further, it is also possible to insert an elas- 
tic member at the gap 02 so as to prevent the intrusion 
of dust. Further, without forming such a gap d 2 , it is pos- 
sible to allow the upper housing member 3d to contact 
the face plate-supporting member 10. In this case, if the 
upper housing member 3d is formed thinly, the trans- 
mission of a flexural moment from the upper housing 
member 3d to the face plate-supporting member 1 0 can 
be obviated. 

The elastic member 51 is formed of silicone rubber 
in the above embodiment but can be composed of a 
spring member such as coil spring or flat spring, or a 
cushioning member, such as an oil damper. 

The elastic members 11 and 8 are formed from sil- 
icone rubber adhesive in the above embodiment but 
may be formed from any adhesive showing elasticity af- 
ter curing. The elastic member 11 and 8 in the above 
embodiment are formed by curing an adhesive applied 
in a frame shape but may comprise a frame-shaped 
elastic member applied by double-coated tape or an ad- 
hesive. The frame-shaped member may be prepared by 
molding or stamping a sheet member. 
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[Eleventh embodiment] 

In this embodiment of a liquid crystal display appa- 
ratus having a sectional structure as shown in Figure 
24, an inner unit 2 includes a plate member as a second 
member (hereinafter called a "fixing plate-supporting 
member") 7 and, between the fixing plate-supporting 
member 7 and a liquid crystal panel (liquid crystal de- 
vice) 1, a panel-fixing plate (third member) 17 is dis- 
posed. The panel-fixing plate 17 is provided with an 
opening 1 7b in a region corresponding to the display ar- 
ea of the liquid crystal panel 1 and a projection 17a on 
its upper surface. The liquid crystal panel 1 is fixed via 
an elastic member (third elastic member) 8 to the panel- 
fixing plate 17 similarly as in Tenth embodiment, and a 
driver board 5 is affixed to the projection 17a. A face 
plate-supporting member 10 and the panel-fixing plate 
17 are affixed to the fixing plate-supporting member 7 
by means of screws, etc. (not shown). Between the pan- 
el-fixing plate 1 7 and the fixing plate-supporting member 
7, an elastic member (third elastic member) 18 is dis- 
posed along the opening 17b. In this embodiment, an 
almost closed space 19a is defined by the liquid crystal 
panel 1 , the elastic member 8, the panel-fixing plate 17, 
the elastic member 18 and the fixing plate-supporting 
member 7. 

When the liquid crystal display apparatus is 
dropped in a +Y direction to impinge a floor (not shown), 
the upper housing member 3d is deformed toward a 
shape of a "soup dish". However, as the upper housing 
member 3d (more accurately a boss 3a thereon) and 
the inner unit 2 are affixed to each other via an elastic 
member 5 1 . The transmission of a f lexural moment from 
the upper housing member 3d to the inner unit 2 is hin- 
dered. As a result, the inner unit 2 is not deformed but 
ensures a sufficient impact absorption functbn to pre- 
vent the deterioration of the alignment characteristic, 
etc., of the liquid crystal panel. 

Further, when the liquid crystal display apparatus is 
dropped in a -Y direction to impinge a floor (not shown), 
the upper housing member 3d is deformed but the trans- 
mission of a flexural moment from the housing member 
3d to the inner unit 2 is hindered similarly as above. As 
a result, the inner unit is not deformed but ensures a 
sufficient absorption function to prevent the deteriora- 
tion of the alignment characteristic, etc. of the panel. 

In the case of dropping in the +Y direction of the 
liquid crystal display apparatus, the liquid crystal panel 
1 tends to be deformed in the same direction. However, 
as the elastic members 8 and 18 are disposed between 
the liquid crystal panel 1 and the fixing plate-supporting 
member 7, and as the almost closed spaces 1 3 and 1 9a 
function as an air damper, the deformation of the liquid 
crystal panel 1 is suppressed. 

According to this embodiment, the impact transmis- 
sion to the liquid crystal panel 1 is alleviated by the elas- 
ticity of the elastic member 18. 

Similar effects as in Tenth embodiment are accom- 



plished. 

Thus, the transmission of a flexured moment from 
the upper housing member 3d to the inner unit 2 is sup- 
pressed, thereby preventing the deformation of the inner 

5 unit 2 per se. As a result, the deformation of the liquid 
crystal panel 1 is prevented to well retain the alignment 
and image quality of the liquid crystal panel 1. 

Further, by providing the elastic member 51 with 
some degree of initial deformation, the use of spring 

10 washers can be obviated to lower the production cost. 
Further, the elastic members 51 are disposed in a state 
of being pierced by the screws BT, so that the positional 
deviation of the elastic members 51 is prevented to al- 
ways retain a good impact relaxation effect. 

15 

[Twelfth embodiment] 

A liquid crystal display apparatus according to this 
embodiment shown in Figure 25, has a structure similar 
20 to that in the previous embodiment except for using a 
different structure of panel-fixing plate (third member) 
61. 

That is, in this embodiment, the panel-fixing plate 
61 is composed of three portions of a panel fixing portion 

25 17, an elastic portion 21 and an affixed portion 20. The 
panel-fixing portion 17 is provided with an opening 17b 
similarly as in the pervious embodiment and a projection 
1 7a for carrying a driver board 5. The liquid crystal panel 
1 is affixed to the upper surface of the panel-fixing por- 

30 tion 17. On the other hand, the affixed portion 20 is dis- 
posed in a position and a shape surrounding the panel- 
fixing portion 17, and the elastic portion 21 is formed 
between the affixed portion 20 and the panel-fixing por- 
tion 17. This structure of the panel-fixing plate 61 may 

3$ be formed by disposing the affixed portion (member) 20 
and the panel-fixing portion (member) 17 in the above- 
mentioned positional relationship, and filling a gap ther- 
ebetween with a rubber adhesive, followed by curing. 
The affixed portion 20 is fixed by the fixing plate-sup- 

40 porting member (second member) 7 and the face plate- 
supporting member 10, thereby to constitute an inner 
unit 2. 

According to this embodiment, the panel-fixing por- 
tion 17 is supported by the elastic portion in a state of 
45 hanging in space. As a result, even if the upper housing 
member 3d is deformed as in the previous embodiment, 
the liquid crystal panel 1 is not affected by the deforma- 
tion. Further, the transmission of a vibration from the af- 
fixed portion 20 of the panel-fixing portion 17 is sup- 
so pressed. As a result, good alignment characteristic and 
image quality are retained. 

In this embodiments, similar effects as in the previ- 
ous embodiments are also accomplished. 

55 [Thirteenth embodiment] 

In this embodiment of liquid crystal display appara- 
tus shown in Figure 26, the fixing plate-supporting mem- 
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ber 7 in the previous embodiment is replaced by a side 
light-type backlight device (second member) 27. The 
backlight device 27 is supported by a backlight-support- 
ing member 26, which is fixed at its end to a face plate- 
supporting member 10 and a panel-fixing plate (third s 
member) 17. The backlight-supporting member 26 is 
provided with an opening 17b in a region corresponding 
to the display area of the liquid crystal panel 1, and the 
backlight device 27 is disposed so as to close the open- 
ing 17b. Further, between the backlight-supporting 10 
member 26 and the panel-fixing plate 17, an elastic 
member 18 is disposed along the opening 17b, so that 
an almost closed space 19 is defined by the backlight 
device 27, the liquid crystal panel 1, the backlight-sup- 
porting member 26, the elastic member 18, the panel- is 
fixing plate 1 7 and the elastic member 8. The backlight 
device 27 includes a light-guide member 29 of a trans- 
parent acrylic plate and, on both sides of the light guide 
member 29, tubular light sources 28 of cold cathode 
tube, hot cathode tube, etc. Covering the light sources, 20 
a reflection plate 30 is disposed, so that light emitted 
from the light source is caused to proceed within the light 
guide member 29. A reflection sheet (not shown) is dis- 
posed on the lower surface of the light guide member 
29 and a light-diffusive sheet (not shown) as a light-dif- 2s 
fusion means is applied on the upper surface (facing the 
liquid crystal panel 1) of the light guide member 29 so 
as to direct scattered diffused light to the liquid crystal 
panel 1 for illumination. An inner unit 2 is constituted by 
the backlight device 27, the liquid crystal panel 1, the 30 
face plate-supporting member 10, etc. 

According to this embodiment, the light guide mem- 
ber 29 is formed of a relatively thick and not-easily de- 
formable acrylic plate, so that the light guide member 
29 functions as a reinforcing member of the inner unit 35 
2. As a result, even when a strong impact is applied, the 
deformation of the inner unit 2 per se is prevented. 

In this embodiment, similar effects as in the previ- 
ous embodiments are accomplished. 

40 

[Fourteenth embodiment] 

In this embodiment shown in Figure 27, a light-dif- 
fusive sheet 60 is applied to a panel-fixing plate (third 
member) 17 so as to close an opening 40, unlike the 45 
light diffusive sheet applied on the light guide member 
29 in the previous embodiment. The light diffusive sheet 
60 may be composed of a plate member having a certain 
thickness giving a certain rigidity. 

According to this embodiment, similar effects as in so 
the previous embodiment are accomplished. 

Thus, the light guide member 29 is formed of a rel- 
atively thick and not-easily deformable acrylic plate, so 
that the light guide member 29 functions as a reinforcing 
member of the inner unit 2. As a result, even when a ss 
strong impact is applied, the deformation of the inner 
unit 2 per se is prevented. 

Further, the transmission of a flexural moment from 
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the upper housing member 3d to the inner unit 2 is sup- 
pressed, thereby preventing the deformation of the inner 
unit 2 per se. As a result, the deformation of the liquid 
crystal panel 1 is prevented to well retain the alignment 
and image quality of the liquid crystal panel 1 . 

Further, by providing the elastic member 51 with 
some degree of initial deformation, the use of spring 
washers can be obviated to lower the production cost. 
Further, the elastic members 51 are disposed in a state 
of being pierced by the screws BT, so that the positional 
deviation of the elastic members 51 is prevented to al- 
ways retain a good impact relaxation effect. 

The light guide member 29 in the above embodi- 
ment is composed of an acrylic plate but can be a space 
functioning as a light guide member. The side light-type 
backlight member in the above embodiment may be re- 
placed by a direct backing-type backlight. 

The ferroelectric liquid crystal used in the liquid 
crystal panel 1 of the above embodiments can replaced 
by another liquid crystal, such as a nematic liquid crys- 
tal. 

As described above, according to Tenth to Four- 
teenth embodiments of the present invention, a flexural 
moment accompanying the deformation of the housing 
member is prevented from being transferred to the inner 
unit, so that the deformation of the inner unit and the 
liquid crystal device therein is prevented, whereby good 
alignment characteristic and image quality of the liquid 
crystal device are retained. 

Further, in the case where the inner unit is consti- 
tuted by first and second members disposed with a pre- 
scribed spacing therebetween, a liquid crystal device 
disposed between the first and second members, a sec- 
ond elastic member disposed between the first member 
and the liquid crystal device, and a third elastic member 
disposed between the second member and the liquid 
crystal device, so as to define a first almost closed space 
by the liquid crystal device, the first member and the sec- 
ond elastic member, and a second almost closed space 
by the liquid crystal device, the second member and the 
third elastic member; the deformation of the liquid crys- 
tal device caused by application of an impact is sup- 
pressed by the elasticity of the second and third elastic 
members and the air damper effect of the almost closed 
spaces, whereby good alignment characteristic and im- 
age quality of the liquid crystal device are ensured. 

Further, if a third member is disposed between the 
second member and the liquid crystal device, and the 
third member is designed to support the liquid crystal 
device and include a panel-fixing portion, an elastic.por- 
tion and a panel-fixing portion, an applied impact is fur- 
ther relaxed by the elastic portion to better retain the 
alignment characteristic and the image quality of the liq- 
uid crystal device. 

Further, in the case where the second member is 
constituted as a backlight device including a light guide 
member of a relatively thick acrylic plate, the light guide 
member functions as a reinforcing member in the inner 
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unit. As a result, even when a strong impact is applied, 
the deformation of the inner unit per se is prevent to bet- 
ter retain the alignment characteristic of the liquid crystal 
device. 



Claims 

1. A display apparatus, comprising: a display panel, a 
drive circuit for driving the display panel, a face plate 
disposed in front of the display panel, and a support 
member for supporting the display panel and the 
drive circuit; 

said display apparatus further including a first 
elastic member between a rear side of the display 
panel and the support member, and a second elas- 
tic member between a front side of the display panel 
and the face plate. 

2. A display apparatus according to Claim 1 , wherein 
said drive circuit includes a flexible film circuit con- 
nected to the display panel. 

3. A display apparatus according to Claim 1 , when 
said drive circuit includes a rigid circuit board and a 
flexible film circuit carrying a drive IC chip thereon. 

4. A display apparatus according to Claim 1 , wherein 
said drive circuit is disposed on the support member 
with no elastic member therebetween. 

5. A display apparatus according to Claim 1 , wherein 
said drive circuit is supported movably on the sup- 
port member. 

6. A display apparatus according to Claim 1 , wherein 
said first and second elastic members are disposed 
to sandwich the display panel. 

7. A display apparatus according to Claim 1 , wherein 
said elastic members are disposed outside an ef- 
fective display area of the display panel. 

8. A display apparatus according to Claim 1 , wherein 
said display panel includes a pair of substrates and 
a multitude of resin pieces adhered to inner surfac- 
es of both substrates. 

9. A display apparatus according to Claim 8, wherein 
said resin pieces comprise epoxy resin. 

10. A display apparatus according to Claim 9, wherein 
said pair of substrates are sealed with each other 
with a sealing member comprising an epoxy resin 
disposed at a periphery of the substrates. 

11. A display apparatus according to any one of Claims 
8-10, wherein a smectic liquid crystal is disposed 



between the substrates. 

12. A display apparatus, comprising: a display panel, a 
housing member disposed behind and with a spac- 

5 ing from the display panel, and a face plate having 
a transparent region disposed in front of the display 
panel; said display apparatus further including: 

a first elastic member disposed at a position 
10 surrounding adisplay region of the display pan- 

el between the display panel and the housing 
member so as to define an almost closed space 
by the first elastic member, the display panel 
and the housing member, and 
is a second elastic member disposed at a position 

surrounding a display area of the display panel 
between the display panel and the face plate 
so as to define an almost closed space by the 
second elastic member, the display panel and 
20 the face plate. 

13. A display apparatus, comprising: a display panel, a 
housing member disposed behind and with a spac- 
ing from the display panel, a panel-fixing member 

25 fixedly supporting the display panel to the housing 
member, and a face plate having a transparent re- 
gion disposed in front of the display panel; said dis- 
play apparatus further including: 

30 a first elastic member disposed at a position 

surrounding adisplay region of the display pan- 
el between the display panel and the panel-fix- 
ing member, 

a second elastic member disposed at a position 
35 surrounding a display area of the display panel 

between the display panel and the face plate, 
and 

a third elastic member disposed between the 
panel-fixing member and the housing member 

40 so that 

a first almost closed space is defined by the first 
elastic member, the third elastic member, the 
display panel and the housing member, and 
a second almost closed space is defined by the 

45 second elastic member, the display panel and 

the face plate. 

14. A display apparatus according to Claim 1 3, wherein 
a fourth elastic member is disposed between a pe- 
so ripheral portion of the panel-fixing member and the 

housing member. 

15. A display apparatus according to Claim 12 or 13, 
wherein said first elastic member has a sectional 

ss shape having a thickness in a direction perpendic- 
ular to the display panel and a width in a direction 
parallel to the display panel so that the width is 
smaller than the thickness. 
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16. A display apparatus according to any one of Claims 
12, 13 and 15, wherein said first elastic member has 
a rubber hardness of at most 50 deg. 

17. A display apparatus according to Claim 12 or 13, s 
wherein the face plate has a transparent portion 
comprising a chemically reinforced glass sheet. 

18. A display apparatus according to Claim 12 or 13, 
wherein said face plate comprises a transparent io 
substrate and a pair of optical films subjected to a 
non-glare treatment applied onto both surfaces of 

the substrate. 

19. A display apparatus according to any one of Claims is 
12-14, wherein said housing member comprises a 
backlight device for illuminating the display panel. 

20. A display apparatus according to Claim 12 or 13, 
wherein said second elastic member has a hard- 20 
ness which is smaller than or equal to that of the 
first elastic member. 

21 . A display apparatus according to Claim 1 3, wherein 
said third elastic member has a hardness which is 2s 
smaller than or equal to that of the first elastic mem- 
ber. 

22. A display apparatus according to Claim 12 or 13, 
wherein said second elastic member is compressed 30 
in a direction perpendicular to the display panel. 

23. A display apparatus according to Claim 1 3, wherein 
said third elastic member is compressed in a direc- 
tion perpendicular to the display panel. 35 

24. A display apparatus according to Claim 12 or 13, 
further including a circuit board for driving the dis- 
play panel disposed on the panel-fixing member, 
and a regulating member for regulating a movement *o 
in a direction perpendicular to the panel-fixing mem- 
ber. 

25. A display apparatus according to Claim 1 , 1 2 or 1 3, 
wherein said display panel comprises a liquid crys- 45 
tal panel containing a smectic liquid crystal as an 
optical modulation material. 

26. A display apparatus, comprising: an outer casing 
member having an inner space therein, a first plate so 
member disposed along an inner surface of the out- 
er casing, a second plate member disposed with a 
prescribed spacing from the first plate member, a 
display panel disposed between the first and sec- 
ond plate members, an elastic member disposed ss 
between the first plate member and the display pan- 
el, and an elastic member disposed between the 
second plate member and the display panel; 



said display apparatus further including a sup- 
port member disposed between the second 
plate member and said outer casing member. 

27. A display apparatus according to Claim 26, wherein 
said support member is fixed to either one of the 
second plate member and the outer casing mem- 
ber. 

28. A display apparatus according to Claim 26, wherein 
said support member is fixed to both of the second 
plate member and the outer casing member. 

29. A display apparatus according to Claim 26, further 
including 

a third plate member disposed between the 
second plate member and the display panel, 
an elastic member disposed between the dis- 
play panel and the third plate member, and 
an elastic member disposed between the third 
plate member and the second plate member. 

30. A display apparatus according to Claim 29, wherein 
said third plate member is supported by the outer 
casing member via an elastic member. 

31 . A display apparatus according to any one of C laims 
26 - 30, wherein said second plate member com- 
prises a backlight device. 

32. A display apparatus according to any one of Claims 
26 - 30, wherein said second plate member com- 
prises a side light-type backlight device including a 
light guide member and a light source disposed at 
a periphery of the light guide member. 

33. A display apparatus according to any one of Claims 
26 - 32, wherein said display panel comprises a liq- 
uid crystal panel including a pair of oppositely dis- 
posed substrates having electrodes on their oppos- 
ing surfaces, and a liquid crystal disposed between 
the substrates. 

34. A display apparatus according to Claim 33, wherein 
said liquid crystal comprises a chiral smectic liquid 
crystal. 

35. A display apparatus, comprising: an inner unit in- 
cluding a display panel, a housing member to which 
the inner unit is affixed, and a first elastic member 
disposed between the inner unit and the housing 
member so as to prevent a flexural moment caused 
by deformation of the housing member from being 
transmitted to the inner unit. 

36. A display apparatus according to Claim 35, wherein 
said inner unit is screwed to the housing member 
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at a position, and said first elastic member is dis- 
posed between the inner unit and the housing mem- 
ber at the position of screwing. 

37. A display apparatus according to Claim 35 or 36, 
wherein said inner unit includes first and second 
members disposed with a prescribed spacing ther- 
ebetween, a display panel disposed between the 
first and second members, a second elastic mem- 
ber disposed between the first member and the dis- 
play panel, and a third elastic member disposed be- 
tween the second member and the display panel, 
so as to define a first almost closed space by the 
display panel, the first member and the second 
elastic member, and a second almost closed space 
by the display panel, the second member and the 
third elastic member. 

38. A display apparatus according to Claim 37, wherein 

a third member is disposed between the sec- 
ond member and the display panel, and 
said third elastic member is disposed respec- 
tively between the third member and the display 
panel, and between the third member and the 
second member, 

so as to define an almost closed space by the 
display panel, the third elastic member, the 
third member and the second member. 

39. A display apparatus according to Claim 38, wherein 

said third member is provided with an opening, 
and 

said display panel is affixed to the third member 
so as to close the opening and so that the open- 
ing corresponds to a display area of the display 
panel. 

40. A display apparatus according to Claim 38 or 39, 
wherein said third member comprises a panel-fixing 
portion having an opening tor affixing the display 
panel thereat, an affixed portion affixed to the sec- 
ond portion, and an elastic portion disposed be- 
tween the panel-fixing portion and the affixed por- 
tion. 



imity to the light guide member. 

44. A display apparatus according to Claim 43, wherein 
said, light guide member comprises a transparent 

s acrylic plate. 

45. A display apparatus according to Claim 44-, wherein 
said light guide member is provided with a light dif- 
fusion means on its surface opposite to the display 

io panel. 

46. A display apparatus according to any one of Claims 
42 - 45, wherein a light diffusion means is disposed 
at the opening of said third member. 

15 

47. A display apparatus according to any one of Claims 
37 - 46, wherein said first member comprises a 
transparent plate member through which the dis- 
play panel is observed. 

20 

48. A display apparatus according to any one of Claims 
37 - 45, wherein said first elastic member comprises 
rubber. 

25 49. A display apparatus according to any one of Claims 
37 - 48, wherein said second and third elastic mem- 
bers comprise rubber. 

50. A display apparatus according to any one of Claims 
30 37 - 49, wherein said display panel comprises a liq- 
uid crystal panel including a pair of oppositely dis- 
posed substrates having electrodes on their oppos- 
ing surfaces, and a liquid crystal disposed between 
the substrates, and 

35 said display panel is connected to a drive IC 

for driving the display panel and a peripheral circuit 
board for the drive IC. 

51. A display apparatus according to Claim 50, wherein 
40 said liquid crystal comprises a smectic liquid crystal. 



45 



41 . A display apparatus according to any one of Claims 
37 - 40, wherein said second member is a plate 
member. 



42. A display apparatus according to any one of Claims 
37 - 40, wherein said second member comprises a 
backlight device for illuminating the display panel. 

43. A display apparatus according to Claim 42, wherein 
said backlight device includes a transparent light 
guide member, and a light source disposed in prox- 



17 



EP 0 730 185 A2 



10 5 4 II 9 



-Y 




F I 6. I 




18 



EP0 730 185 A2 



-Y 



/ 



1 



+ Y 



F I G. 3 




F I G. 4 



19 



EP0 730 185 A2 





Fl 6. 6 



20 



EP0 730 185 A2 



-Y 



IO 5 4 II 9 



FT 



13 



8 I +y 12 



Fl 6. 7 



-Y 



IO 5 4 II 9 



5 



7 I7 8 I8 I 



+Y 



3SC 



19 13 31 



F I G. 8 



21 



EP 0 730 185 A2 



5 4 II 9 



-X 




21 7 17 8 18 I 



F I G. 9 



-Y 



5 4 II 

i . { i &= 


9 13 

i f 1 


^ , 













21 7 17 8 18 I 19 



+Y 



FIG. 10 



22 



EP 0 730 185 A2 





23 



EP 0 730 185 A2 





FIG. 14 



24 



i 



EP 0 730 185 A2 




FIG. 15 




FIG. 16 



25 



EP0 730 185 A2 




FIG. 17 




FIG. 18 



26 



EP0 730 185 A2 



-Y 

21 10 )7 II 8 9 I I9a i 




FIG. 19 




27 



EP 0 730 185 A2 



I7 40 60 19 \9a 




F I G. 21 




F I G. 22 



28 



EP 0 730 185 A2 





29 



EP0 730 185 A2 



l° 5 d2 9 | |9q 3d 



3a 




— ' — L - Lj J*r 



V 




ZEE 



I7b 



I7a 



20 21 17 

V y ' 

61 




F I G- 25 



5I 



IO 

k 



II I 9 19a II 3d 



26 




18 



■JSC 




28 30 29 



— \r- 

27 



BT 



51 



3e 



30 28 



F I 6. 26 



30 



EP0 730 185 A2 




FIG. 27 



I00 




15 6 2 14 25 

F I G. 28A 




F I G. 28B 



31 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 0 730 185 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

30.07.1997 Bulletin 1997/31 

(43) Date of publication A2: 

04.09.1996 Bulletin 1996/36 

(21) Application number: 96301340.4 

(22) Date of filing: 28.02.1996 



(51) Intel. 6 : G02F 1/13 



(84) 


Designated Contracting States: \ 


• Takahashi, Masanori 




DE FR GB IT NL 


Tokyo (JP) 






• Shioya, Yasushi 


(30) 


Priority: 01.03.1995 JP 42195/95 


Tokyo (JP) 


03.03.1995 JP 44557/95 


• Satoh, Takashi 




03.07.1995 JP 167673/95 


Tokyo (JP) 


(71) 


Applicant: CANON KABUSHIKI KAISHA 


(74) Representative: 


Tokyo (JP) 


Beresford, Keith Denis Lewis et al 




BERESFORD & Co. 


(72) 


Inventors: 


2-5 Warwick Court 


• 


Niibori, Kenji 


High Holborn 




Tokyo (JP) 


London WC1R 5DJ (GB) 



(54) Display apparatus 

(57) An impact-resistant display apparatus is con- 
stituted by a display panel (1 ), a drive circuit (4) for driv- 
ing the display panel, a face plate (9) disposed in front 
of the display panel, and a support member (7) for sup- 
porting the display panel (1 ) and the drive circuit (4). The 
display apparatus further includes a first elastic member 



(8) between a rear side of the display panel and the sup- 
port member, and a second elastic member (11) be- 
tween a front side of the display panel and the face plate. 
The first and second elastic members may preferably 
respectively define an almost closed space (12,13) to- 
gether with adjacent associate members so as to pro- 
vide an air damper-effect. 
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